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November 4, 2022

VIA Electronic Mail

Benjamin Heard

Gulf Coast Sequestration

2417 Shell Beach Drive

Lake Charles, Louisiana 70601

Re: Gulf Coast Sequestration (GCS) — Required Resubmittal of Project Minerva Area of Review
(AoR)/Corrective Action Section

Dear Mr. Heard:

The U.S. Environmental Protection Agency (EPA) is providing this notification that the agency is suspending its
technical evaluation of the AoR/Corrective Action section in the Project Minerva Class VI permit application
until the agency receives additional technical information. In reviewing the permit application, EPA has identified
substantial information gaps regarding well, or artificial penetration (AP), records such that EPA cannot complete
the technical review of the AoR/Corrective Action section of the permit application. Specifically, EPA has
determined that the application's AoR/Corrective Action section does not meet the basic requirements of 40 CFR
146.82, 146.84(c), and 146.84(d). EPA also requires additional information on the computational modeling and
geology before it can proceed (comments enclosed).

EPA's Underground Injection Control (UIC) Program Class VI Well Area of Review Evaluation and Corrective
Action Guidance document (EPA 816-R-13-005, May 2013), which supports 40 CFR 146.84, discusses two
critical narratives that detail the technical efforts for: (1) identifying all wells in the area of review; and (2) the
well records data collection process associated with the AoR wells to assess their conditions concerning the
impact of the proposed Class VI action. The Project Minerva application needs to include information for
narratives (1) and (2) for reviewers to understand how the AoR well locations were found and how each well's
records were compiled. The procedures and protocols for this are discussed in Chapter 4 of the guidance
document. See: https://www.epa.gov/sites/default/files/201507/documents/epa816r13005.pdf). The agency cannot
proceed without this information.

For all wells within the AoR, the Project Minerva application must contain records of all wells found in
Louisiana's Strategic Online Natural Resources Information System (SONRIS) Database and the Texas Railroad
Commission's (TRRC) online database, as applicable, as well as any other well records that exist and can be
attained elsewhere. The applicant must provide all well records for all the wells in the AoR in order to determine
if they penetrate the confining zone. The Louisiana Department of Natural Resources (LDNR) has confirmed to
EPA that well records exist outside the SONRIS Database, such as a comprehensive library of
microfilm/microfiche well records kept by LDNR. Well records pulled only from SONRIS do not satisfy 40 CFR
146.84(c)(2) and 40 CFR 146.84(d).

Because the review of the AoR/Corrective Action section is critical to the overall assessment of the Project
Minerva application, the extent of missing information will require GCS to re-submit the AoR/Corrective Action
section of the application. Thus, EPA is unable to continue its review of the AoR/Corrective Action portion of the





Project Minerva application until such information is provided in full. Upon submitting the requested additional
information, EPA requests that GCS split the well records into one well per pdf file instead of having everything
in one pdf appendix file. Following re-submission of the relevant sections of the application, Region 6 will be
able to provide a project decision schedule with target dates.

EPA looks forward to continuing discussions with GCS on the permit application and appreciates the many
meetings agency reviewers have already had with GCS. EPA remains available to respond to questions
concerning permit application submissions and also continuing to coordinate permit application reviews with
LDNR.

Sincerely,

for Charles W. Maguire
Director
Water Division

Enclosure





Enclosure

Comments on Computational Modeling and Geology: Pre-Construction

Additional comments may be provided.

Computational Model

1.
2.
3.

The phase transition of CO2 was not included.

An uncertainty analysis was not included.

The model did not account for the Joule-Thompson effect, the dynamic evolution of brine salinity, long-
term mineral trapping from resulting from CO2 sorption, mineral precipitation and dissolution reactions,
and other geochemical reactions. Justifications are needed or these reactions should be included.

It was assumed that both the top of the il formation representing the top model boundary and the
boundary between the | formation and | Formation I (2 low-
permeability sandstone-shale zone) representing the bottom boundary were impermeable to vertical flow
(no-flow top and bottom boundary). No justifications were provided supporting the top and bottom no-
flow boundaries assumption.

Reviewers noted that the modeling scenario run by GCS is a conservative scenario, in that, with the
potential for vertical pressure migration beyond the top and bottom boundaries, it is possible that the
pressure-based AoR may actually be smaller than the current prediction. The review suggests re-running
the model assuming constant pressure boundaries at the top and bottom of the model domain, in addition
to the no-flow top boundary. This will give two end-member results and may indicate the need to include
permeability above the current top boundary to generate results that are less conservative with respect to
pressure buildup and more likely to reflect a realistic outcome. These end-member analyses should
consider the upper-bound permeability value for the il formation.

The lateral extent of the model appears to be sufficient; however, to confirm this, it would be helpful if
the maximum lateral extent of the CO2 and pressure plumes could be superimposed on Figure 3.16,
which shows the simulation grid.

While the injected CO2 plume is not predicted to extend towards the larger outside blocks, it is not
possible to ascertain, based on the figures, whether the plume extends beyond region 1 of the Tartan grid
where the aspect ratios could potentially lead to numerical errors. If that is the case, a grid sensitivity
study may be warranted.

A potential issue is the effect of production activity in the | field which appears to be producing
from the zones within the | Formation and [ Formation on the horizontal pressure
gradient. GCS states that history matching exercise focused on the il field were performed, but no





details have been given as per how the history matching was performed and how much lateral
communication was observed between the ] field and the proposed injection operation. Further, a
vertical cross-section between proposed injector locations and the il field is suggested.

9. A sensitivity analysis is needed. The application does not provide any results of sensitivity analysis but
does discuss a potential sensitivity-analysis methodology that will be implemented in the future.

Errata
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18.

19.

20.

21.

22.

Figure 2.2.12.2-7 caption is truncated.

Figure 2.2.12.2-9 caption is truncated.

Figure 2.2.12.2-17 caption is truncated.

Figures 7.2.1-1 through 7.2.1-8 are not referenced or discussed in the text.
Figures 7.2.4-1 through 7.2.4-8 are not referenced or discussed in the text.
Table 2.2.11-1 should be labeled 2.2.11.2-1.

Table 2.2.15-1 is not called out in the text.

Table 2.2.15-2 is not called out in the text.

Many of the fonts are too small on figures.

. Figure 2.1.3-1 No indication of m or ft. Figure not labeled with figure number.
. Figure 2.2.2-6 is blurry.

. Figure 2.2.2-7 is small and blurry.

. Figure 2.2.2-9 and Figure 2.2.2-10 axes not labeled

. Figure 2.2.2-8 Figure not labeled

. Figure 2.2.3-1 Permeability units not defined on figure

. Figure 2.2.3-3. Axes too small to read

. Figure 7.1.2-1 AoR envelopJ Field and the I GENERAL —

Need cross section from il to both 1,2 and 3,4 injectors. (E-W from 3,4 may be OK for this purpose)
B.10.2 Typo on page 1, next to last paragraph. Delta P is shown as Grad P.

B.12.1 Typo on page 10 “such as the surface of the pores

B.12.1 Equation 2.1.2.1 Qp is NOT the flow speed. This is the volumetric flux. The actual velocity (or speed)
of the fluid is Qp/porosity.

B.12.1 Page 15 next to last paragraph. Mass flux has units of mass per area per time. What you are presenting
is a mass flow rate with units of mass per time.

B.12.1 Page 15 next to last paragraph. This sentence does not seem correct, because there can be net
accumulation/loss in other directions that could basically divert mass flow to other faces. “It cannot be
diverted out of the other faces of V.” It is the net accumulation/loss of mass that leads to the mass balance in

each cell.





23.

24.

25.

B.12.1 Page 15 last paragraph. Flux, with units of either volume or mass per area per time is a vector. Mass
per time is not a vector. Please fix this section. See Flux Flummoxed, Groundwater 2006, or Bird Steward and
Lightfoot (Transport Phenomena, Revised 2nd Edition 2nd Edition, 2002). The easy thing to do is to just say
you are conserving mass, and that the divergence of the mass flow rates into your numerical cell (pfQpA) is
equal to the accumulation/loss from each cell. Flipping the vector to the area term does not really make sense.
The vector is defined in the volumetric flux (Qp) by the direction of the gradient.

B.12.1 Page 17 Darcy velocity is a misnomer this should be called volumetric flux (volume per area per time)
and is a vector.

B.12.1 Equation 2.1.2.9. The heat flux should be energy per area per time (J/(m2 s) or W/s) and should have
the same form as the Darcy equation, with Heat flux = - ThermalCond Grad (T). What you have written here
is the divergence of the heat flux which gives the energy accumulation. See Bird, Stewart and Lightfoot
(Transport Phenomena, Revised 2nd Edition 2nd Edition, 2002).

Geology Comments

1.

2
3.
4

Clarify the difference between thejjiiiilj Group and the |l Formation.

APPDX F contains more data than is shown in Figures 2.85-87.

Add the estimated fracture gradient value to the text of Section 2.3.4.2.

Determine capillary pressure; information on fractures, stress, ductility, rock strength, elastic
properties; and in situ fluid pressures within the confining zone (e.g., based on core sample analysis)
to support the values cited for the confining zone integrity and injection zone viability in the
application.

Section 2.3.2, pg. 44 states that 21 earthquakes have occurred; however, Figure 2.71 and Table A.1
of Appendix D show more than 21 events.

Table 3.2 and Table 3.3 reference well | ot labeled in Figure 2.53.

Obtain a complete water analysis in the injection zone to provide inputs to support the geochemical
modeling and to confirm CO; stream compatibility with the mineralogy and geochemistry of the
injection and confining zones.

Confirm mineral compatibility for minerals and injectate in the injection and confining zones (per 8§

146.84(a)(7)(iv)) based on evaluation of cores (and using benchtop geochemical tests if needed).
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Gulf Coast Sequestration (GCS)
2417 Shell Beach Drive
Lake Charles, Louisiana 70601

RE: Underground Injection Control (UIC) Permit Application R06-LA-0002
Class VI Pre-Construction Permit Application
Technical Review of Application

Dear Benjamin Heard:

Upon completing the initial phase of the technical review for the UIC Class VI permit application submitted by
Gulf Coast Sequestration for Project Minerva in Lake Charles, Calcasieu Parish, Louisiana, EPA Region 6 has
determined that the application does not meet the requirements in 40 CFR 8146 Subpart H.

The review team determined that insufficient data was used within section [1. Project Info], which is meant to
define the geologic structure and hydrogeologic properties of the proposed storage site and overlying formations
as required by 40 CFR §146.83, as well as section [2. AoR CA] surrounding the geologic sequestration project
where USDWSs may be endangered by historical injection activity 40 CFR §146.84. A complete scope of all
artificial penetrations (APs) within the Area of review (AoR) is required to satisfy all modeling and corrective
action strategies.

Site data should be based on primary sources, such as geologic cores, outcrop data, seismic surveys, well logs,
and lithologic descriptions. This data should define properties, including the depth, areal extent, thickness,
mineralogy, porosity, permeability, and capillary pressure of the injection and confining zone(s). The limited core
data from APs approximately seven miles northeast of the proposed sequestration site and on the opposite side of
the Vinton Dome, which is outside the AoR, though valuable, does not allow for sufficient extrapolation of
injection zone heterogeneity. Modeling based on an assumption of homogeneity may not accurately describe the
disposal site characteristics and potential AoR. Additionally, EPA recognizes that APs that do not penetrate the
proposed confining zone are likely not to pose a danger to USDWSs; however, the review team requires
documentation that proves that all APs within the AoR were accounted for and identified.

The attachment accompanying this letter details the clarifications and modifications of GCS's permit application
that Region 6 requires as we continue our technical review. After discussions internally, it was determined that
these issues could be addressed through clarifications via additional primary sources, research, and/or the drilling
of one or more stratigraphic test wells closer to the site with appropriate logging, coring, and hydrologic data
collection.





If you have any questions, do not hesitate to contact lan Ussery at (214) 665-6639.

Sincerely,

itally signed by KENNETH JOHNSON
vernm Environ:

 ous mental
n=KENNETH JOHNSON,

Ken Johnson, PE
Ground Water / UIC Section Chief
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Attachment 1: EPA Comments

1. Project Info and Site Characterization
1.1 EPA Comment:

The list below consists of primary sources and research that were referenced or referenced inaccurately
within A.4.1 C6 Per App Narr CBI - Rev No. 4 March 2022 that was not included in section A.4.1 Narrative
references.

GCS References:

Anadrill (1987)

Clark et al. (1987)

Core Laboratories (1987a)

Core Laboratories (1987b)

Horton (2012)

Hosseini (2019)

Hovorka et al. (2018)

Jackson and Galloway (1984)

Jolley et al. (2007)

Knipe (1992)

Leeds and Associates (1989)

Matthews and Kelly (1967)

Meckel, (2007) — referenced within GSDT under Injection Well #2-4 under Operational Information tab
Peng and Robinson (1976)

Pickering et al. (2007)

Schlumberger (1987)

Schlumberger (1988)

Seni et al. (1997)

Spencer (1977)

Stenzel (1946)

Stevenson and Agnew (1985)

Weber and Daukoru (1975) — typo in the narrative? (pg.29 A.4.1)
Wesselmann and Aronow (1971) — typo in narrative?
Yale (1993)

Zimmerman (1990)

1.2 EPA Comment:

Figure 2.23 well logs (42361306260000 and 17019205730000) are not identified on 2.22 AoR cross-
section base map.

1.3 EPA Comment:

The statement below contains a direct quote. GCS should provide the source document for the quote.





An important conclusion in this study is that the sluggish circulation within the deep saline aquifers
“demonstrates that geological confinement is effective on both a local and regional scale.”

1.4 EPA Comment:

Limited core sample analysis was available for the project area. Samples were collected 5+ miles away
from nearest proposed injection well site. Local in-situ samples of the confining and injection zone are
crucial to assigning representative site model parameters and assuring due diligence was achieved by
both applicant and region 6 from a public perspective.

“Site-specific data will be collected in pre-operational data testing prior to commencement
of injection to verify this data.” Pg.25

“Prior to operations at Project Minerva, and consistent with the Pre-Operational Testing
Program, whole core samples from the upper Frio and Anahuac formations will be acquired and
analyzed for porosity, permeability, and mineralogy. The geomodel and reservoir simulation model
will be updated with the newly acquired site-specific data.” Pg. 79

Region 6 commends GCS for acknowledging site-specific data gaps and recommends the
aforementioned action be taken as soon as possible.

1.5 EPA Comment:
Region 6 requests further clarification and explanation of the following Class VI application items.
“Project Minerva benefits from the following trapping mechanisms:
e Buoyancy trapping against the Anahuac Formation
¢ Relative permeability hysteresis
¢ Dissolution of gaseous phase CO2 into the formation’s aqueous phase
e Localized buoyancy trapping within 4-way closures, where they may exist”

For example, explain when and where displacement of CO2 by the original wetting fluid/brine occurs,
the rate of simulated displacement, how that will be checked and measured in the subsurface, and how
far outward from the injection well imbibition is projected to occur after injection ceases.

1.6 EPA Comment:
Region 6 requests further clarification and explanation of the following items.

“As part of the GCS evaluation workflow, all faults within the AoR have been mapped where 3D
seismic is available.”

How does GCS plan to evaluate areas where 3D seismic is not available?





1.7 EPA Comment:

GCS should include the study referenced below by the Bureau of Economic Geology and reference the
relative concepts, so region 6 can better understand the transmissivity potential of the faults within the
project area.

“A fault transmissibility study conducted by the Bureau of Economic Geology (BEG) at the
University of Texas, discussed in Sections 2.2.5, concluded that faults within the AoR are not
sufficiently transmissive to allow migration of fluid vertically from the Injection Zone.”

1.8 EPA Comment:

Figures 2.8, 2.9, 2.9 (a), 2.12, and 2.13 have Oklahoma identified in the upper left-hand section. From
what Region 6 garnered from the legend, these maps do not expand to Oklahoma.

1.9 EPA Comment:
GCS’ fault seal analysis requires further clarification:
“Several mechanisms have been recognized whereby fault planes can act as seals (Knipe, 1992):

a) Juxtaposition, in which reservoir rock are juxtaposed against a low-permeability unit with a high entry
pressure

4

b) Clay smear or entrainment of clay/shale into the fault plane, thereby giving the fault “disturbed zone”
a high entry pressure

c) Cataclasis, which is the crushing of sand grains to produce a fault gouge of finer grained material,
giving the fault “disturbed zone” a high capillary pressure

d) Diagenesis, where preferential cementation along a previously permeable fault plane may partially or
completely remove porosity, creating a hydraulic seal”

Clarification may be facilitated by providing the reference (Knipe, 1992) and/or obtaining in-situ data to
define fault conditions.





2. Area of review (AoR) Corrective Action Plan

2.1 EPA Comment:

The table below contains a list of wells that fall within the AoR but do not penetrate the confining zone
according to what was mentioned in the file B.11.2 Location of Wells Requiring Corrective Action.
However, well records of the below wells were not included with the other well schematics in Appendix
2 Well Schematics v2 file. Since these wells fall within the AoR, EPA will require the well records for all of
the wells listed below to be included in Appendix 2 - Well Schematics v2 file. Note that these records will

be needed in order for the technical review of the Artificial Penetrations (APs) to move forward.

Well Serial Number
247403
247043
226811
178925
224966
223498
224091
224965
224080
223486
162749
236794
234619
227030
225598
225229
217724
205643
198053
196188
147572
225994
145139
140150
140077
140041
139567

4643
113357

APl Num

42361309510000
42361309480000
42361307880000
42361304130000
17023227730000
17023227730000
17023227730000
17023227720000
17023227720000
17023227720000
17023213710000
17019222030000
17019221300000
17019219760000
17019219410000
17019219280000
17019217690000
17019215300000
17019213900000
17019213690000
17019205680000
17019205680000
17019205400000
17019204390000
17019204380000
17019204370000
17019204190000
17019031640000
17019026210000

Well Name

HBY RE SUA;SABINE OUTBACK
HBY RD SUA;E W BROWN JR
VUA;E W BROWN JR PROPERTIES
SL 7960

J B WATKINS

J B WATKINS

J B WATKINS

J B WATKINS

J B WATKINS

J B WATKINS

TRACY-COX

R EODOM

E W BROWN JR PROPERTIES ETAL
OPAL GRAY TRUST

WALKER LOUISIANA PROPERTIES
DONNER PROPERTIES

ODOM ESTATE

BEL ESTATE

M G STREAM

ODOM

MATILDA GRAY STREAM "F"

M G STREAM ET AL

MATILDA GRAY STREAM "F"

W E WALKER

MATILDA GRAY STREAM F
GARDINER-NOBLE FEE A
MATHILDA GRAY STREAM J SWD
HALCARAKE

JOHN W MECOM ET AL

Well Num

DN R RPRRPRRINRIRRRRRRNNNDRRRR

1

o

Rk R(Rk NS





100615
27440
247615
246409
26953
26725
20212
26268
50842
53384
89409

17019025220000
17019020990000
17019020990000
17019020990000
17019020980000
17019020970000
17019020940000
17019020780000
17019020390000
17019020380000
17019019980000
42361309270000
42361309140001
42361308910000
42361308670000
42361308460001
42361308180100
42361306460000
42361306260000
42361306120000
42361304350000
42361303860000
42361001120000
42361001100000
42361000160000
42361000090000
42361000080000

E W BROWN JR

J G GRAY ESTATE

MATILDA GRAY STREAM J
MATHILDA GRAY STREAM J

J G GRAY ESTATE

J G GRAY ESTATE

J W GRAY EST

CALCASIEU NATIONAL BANK
ODOM-BROWN UNIT

ODEM

BABETTE ODOM MOORE
HAWK CLUB

PORT OF ORANGE - RIVERSIDE
PORT OF ORANGE-RIVERSIDE
ODOM

PORT OF ORANGE-STARK FOUNDATION
HAWK CLUB

BROWN,E.W. JR

DUPONT DE NEMOURS, E.I.
DUPONT DE NEMOURS, E. I.
STARK, NELDA

FROST NATIONAL TRUST
CALLIE SIMMONS ETAL
WILLIAMS BUCK
MILLER-VIDOR
MILLER-VIDOR
MILLER-VIDOR

w | w
g

R RrRr R (R WwRk (N W
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Class VI UIC Information Request
This submission is for:
Project ID:  R06-LA-0002
Project Name: Project Minerva
Current Project Phase:  Pre-Injection Prior to Construction

1. Information request document [permitting authority]

2. Topic(s) or subject(s) of information request [permitting authority]

3. Response due date [permitting authority]

4. Are you submitting a new or updated response to this information request? [permit applicant/owner or operator]
5. Response document [permit applicant/owner or operator]

6. Are you submitting references or other supplemental materials? [permit applicant/owner or operator]

THIS INFORMATION REQUEST AND RESPONSE TAB IS CLOSED

1. Information request document [permitting authority]

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phasel-PreConstruction/InfoReg-Notify-03-15-2023-

1249/GCS--AoR--Resubmittal--review--notice_Redacted.pdf
2. Topic(s) or subject(s) of information request [permitting authority]
3. Response due date [permitting authority]
2/3/2023 (extensions availalble upon request)
4. Are you submitting a new or updated response to this information request? [permit applicant/owner or operator]
5. Response document [permit applicant/owner or operator]
6. Are you submitting references or other supplemental materials? [permit applicant/owner or operator]
THIS INFORMATION REQUEST AND RESPONSE TAB IS CLOSED
Request #3

1. Information request document [permitting authority]

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phasel-PreConstruction/InfoReg-Notify-03-15-2023-

1249/R06_LA _0002_Information Request_3.zip
2. Topic(s) or subject(s) of information request [permitting authority]
Site Characterization Well Construction and Operation AoR and Corrective Action Testing and Monitoring Financial Responsibility Well
Plugging, PISC, and Site Closure
Other (specify): Environmental Justice
3. Response due date [permitting authority]
Please acknowledge receipt by 3/30/2023
4. Are you submitting a new or updated response to this information request? [permit applicant/owner or operator]
5. Response document [permit applicant/owner or operator]

6. Are you submitting references or other supplemental materials? [permit applicant/owner or operator]

Send Request

The notification including a read-only copy of the request will be emailed to:  jhodgson@gcscarbon.com
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